Abstract. This article discusses the impact of choosing a data preprocessing method for the calculated gas density necessary to determine the sorption capacity of a material. The sample of gas-bearing shale was subjected to a volumetric sorption test. The obtained data, pressure and temperature were preprocessed by three methods: moving average, polynomial regression and locally weighted scatterplot smoothing. The results include the excess and absolute sorption calculated from data that were filtered, and data without pre-treatment and Langmuir isotherms' coefficients for every case.
Introduction
Among other conditions for proper model building is properly collected, preprocessed and then processed data. Great emphasis in the daily routine of laboratories is placed on ensuring increasingly accurate sensors, data acquisition systems, devices and laboratory equipment providing the most optimum (usually the most stable) conditions of experiment possible. Of equal importance is the manner of dealing with the collected data. A properly chosen method of data preprocessing is crucial to obtain reliable, accurate and consequently valuable data.
Data obtained from sensors and collected by an acquisition system could be used directly in calculations, but their quality may (but not necessarily) be rather poor, thus not fully reflecting the essence of the phenomenon. Noise, outliers, and inconsistences can be found in raw sensor's data; therefore, that obtained data should be cleaned. Avoiding data preprocessing, the careless or ill-considered choice of data pre-treatment method can lead to inconsistencies in calculation, or even to the threat of serious error.
For the aforementioned reasons, data preprocessing should become a habit of every modern scientist, be an important part of every conducted experiment, and represent a special part of scientific projects, as well as every study connected with data acquisition.
The sorption capacity of shale is measured directly on a sample of material obtained from the considered shale bed, and then interpolated to the whole shale formation. The sample is often thermally treated to remove water and then crushed. This allows a gaseous phase contact with material on the largest area possible, while avoiding distortions in real sorption capacity caused by residual water contained in the pores of the tested material. Nevertheless, the crucial issue to be addressed is the problem of scale. The sample is nearly negligible compared with the volume of the shale formation. The smallest differences in sorption capacity extrapolated from the sample to the shale bed, transform into huge errors in the estimated amount of gas in the bed. This is a practical example for why data preprocessing in experiments investigating the sorption capacity in large-scale projects connected with geological structures (e.g. CO 2 capture and storage, methane extraction from gas-bearing shales or enhanced coalbed methane extraction) is so important.
Samples and methods
The Pomeranian gas-bearing shale was used in the conducted survey. Shale was obtained from the Early Paleozoic Baltic-Podlasie-Lublin Basin in Poland, considered as a source of natural gas and a site for CO 2 storage. The mineral composition of the tested sample is presented in Fig. 1 below, and only components which take part in sorption are detailed (TOC and CMC). The sample was powdered (< 0.1mm) and then dried at a temperature of 110°C (according to the norm PN-80/G-04511).
In the experiment, the manometric method of sorption measurement was used. A description of this method is often found in the literature (Kroos et al. 2002; Harpalani et al. 2006; Lutyński 2014) . The data for calculation was collected from high-accuracy pressure and temperature transducers, connected to a computer and working in continuous mode online. Every step of the experiment was carried out over a 24 h period. The temperature and pressure were saved every second for 24 h, which helped to control whether the experiment was progressing properly. The setup is presented in Fig. 2 .
The experiment comprised several stages. First, the tightness of the apparatus was checked by the injection of an inert gas (in this case, helium) under pressure of 180 bar for 24 h. If the gas tightness of the apparatus was acceptable (pressure drop not more than 0.02 bar per 24 h), the main part of the experiment started. After placing the sample in a vacuum (to allow helium to evacuate from the system), CH 4 was injected into the reference cell, and then left for a period of time (usually 1 h) necessary to stabilize its parameters (pressure and temperature). After stabilization, the valve between the sample cell and reference cell was opened and injection of gas into the sample cell proceeded.
After injection, the gas remained in the sample cell for 24 h. In the next step, the valve between the cells was closed and the reference cell filled with the next portion of gas. The stages of the experiment are presented in Fig. 3 . To obtain reliable results, the equation of state for methane (Wagner, Span 1993) and helium (McCarthy, Arp 1990) was used. These equations are widely used and recommended in the literature (Van Hemert et al. 2009; Bush, Gensterblum 2011; Lutyński et al. 2011) .
The data preprocessing was carried out in three ways: the moving average method, lowess (locally weighted scatterplot smoothing) and robust loess (local regression). These three methods have evolved from classical methods as a least square regression. Their advantage is that they are useful when a theoretical model of the process is not available. In the case of this study, the methods were selected arbitrarily due to their simplicity. The form of the obtained data also favored this method: data were large and dense, and there was much more data collected than necessary to perform a study; therefore, the problem of data loss in the moving average method could be neglected, and there was a negligible number of outliers, which can influence the loess method but their impact was corrected with the robust loess method. The data were processed in Matlab software with appropriate commands: smooth, loess and rloess. A smooth command was applied to the data moving average filter. The loess command used local regression using weighted linear least squares and a 2 nd degree polynomial model, while rloess was the same method as the local regression but assigned zero weight to data outside the six mean absolute deviations.
The processed data were then averaged and used to calculate the gas density. Gas density was calculated using the three-parameter Langmuir state (Sakurovs et al. 2007 ). Gas density is necessary to calculate the sorption capacity and predict the amount of gas borne by the shale. The equations utilized to calculate the capacity of shale are (Ambrose et. al. 2010 ):
where G st is the total gas in-place, G f describes the free gas in pores, and G a describes the gas adsorbed on the surface of the micropores.
where G L is the Langmuir volume, p is the pressure and p L is the Langmuir pressure.
where Bg is the gas formation volume factor, ϕ is the porosity of the rock, Sw the water saturation, M the molar mass, ρb the bulk rock density and ρs the sorbed phase density. The sorbed phase density is the part of equation which is crucial for this experiment, because its changes (and influence on the calculations) are under consideration.
Results
The results of the sorption when the data are applied to moving average, lowess and robust loess filters and raw data are presented in Fig. 5-8 and Table 1, 2 below:   TABLE 1 The pressure values after applying filters.
Moving average (bar)
Loess (bar) Rloess (bar) Raw (bar)
Step 1 The results were very surprising, and led to the question: Why are the results of the absolute sorption on filtered data so inflated? A small decrease was expected rather than any increase. Furthermore, the density of the sorbed phase returned implausible values, which implied a mistake. After taking a closer look at the programmed procedure, the problem was revealed: a filter was applying the whole matrix of data and then the whole matrix of results was averaged, which led to the incorrect results. This problem was solved in the following way: to check at what moment the sorption stops, the difference in consecutive results was calculated. If difference was less than 0.02 Mpa in the next 100 results, this meant that the sorption had finished. The influence of initial high pressure (when the sorption starts) was reduced. However, it was found that the calculated absolute sorption increased by approximately 2 times (Fig. 5) .
The Fig. 6 -8 present the excess and absolute sorption with the applied Langmuir model for the filtered and raw data.
At Fig. 7 , it can be seen that the results are nearly the same for both filters and are unnoticeable on the chart (difference: 0.001 -0.002 mmol g -1 ). 
Discussion
Articles describing similar subjects in geology could not be found, and therefore discussion with related results is not possible here. Nevertheless, results of calculating gas density are available in the literature and are similar to those obtained by the author on raw data (Rexer et al. 2014) . In this case, the most surprising result is that the calculated density (Table 1) using the raw data is nearly twice the size of that using the preprocessed data -at this point, more detailed studies are necessary.
The results of the excess sorption and absolute sorption are nearly the same in every method of preprocessing, but are higher than in the raw data (which was unexpected). The results are probably more precise due to the removal of noise and other inconsistences. Further investigation is necessary to determine if this is an error of calculation, because in the literature can be found values rather closer to those extracted from raw data than the preprocessed data (Khosrokhavar 2016) .
The results obtained in this survey prove the exceptional role of data preprocessing in obtaining reliable data which reflect the existing situation. As mentioned in the Introduction, avoiding data preprocessing, the careless or ill-considered choice of data pretreatment method can lead to inconsistencies in calculation, or even to the threat of serious mistakes, as shown in this case study. The obtained results deviated from the expected values, and were caused by the improper preparation of the code in the Matlab software. It can be clearly seen that paying insufficient attention to every step of the data processing can lead to flawed results. In fact, the mistake was not made at the stage of calculation, but at the programming stage.
Conclusion
Data preprocessing allows more accurate results to be obtained and helps to prevent mistakes, especially when it is necessary to interpolate results from the micro to macro scale. In this case, a difference in the final results is surprising, because the difference between the Langmuir volume is 3-times larger in the filtered data than the raw data, and the sorbed data density is twice lower in the filtered data than in the raw data. No reference bibliographic data could be found, and so the experiment remains to be verified. Paying insufficient attention to the choice of data processing may lead to incorrect results. Further work is necessary to determine if results in this study represent an error of calculation, or a new way to treat data in manometric method.
